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EVALUATION  OF  ICE  DEFLECTORS  ON  THE 
USCG  ICEBREAKER  POLAR  STARR  (WAGB-10) 

by 

George  P.  Vance 


INTRODUCTION 

The  U.S.  Coast  Guard's  newest  and  most  powerful  icebreaker,  the 
Polar  Star  (WAGB-10),  has  had  considerable  problems  with  ice  ingested 
into  the  propeller  slip  stream.  The  Polar  Star  has  a  unique  triple 
screw  controllable  pitch  propeller  system  and  the  ice  that  is  ingested 
into  the  slip  strcan  has  caused  damage  to  the  pitch  control  mechanisms. 
In  order  to  eliminate  or  af  least  mitigate  this  problem,  the  Coast 
Guard  was  interested  in  evaluating  devices  that  would  keep  the  ice 
out  of  the  propeller  slip  stream. 

After  lengthy  discussions  with  CRREL  personnel,  several  candidate 
devices  were  selected  and  a  model  test  program  to  evaluate  these 
devices  was  established.  The  tests  were  carried  out  in  the  refrigerated 
test  basin  of  the  Ice  Engineering  Facility. 

BACKGROUND 

The  decision  to  use  the  CRREL  test  basin  for  the  model  tests  of 
the  Polar  Star  ice  deflectors  was  based  upon  the  following: 

1.  The  test  would  be  mainly  qualitative  and  depend  largely 
on  visual  observations. 

2.  Movies  were  desired  of  the  side  and  bottom  of  the  model 
during  ice  breaking. 

3.  A  large  model,  i.e.  small  scale  ratio,  was  desired. 

4.  The  tests  were  to  be  conducted  in  real  ice  in  a  refrigerated 
facility. 

The  new  CRREL  facility  could  meet  all  these  objectives. 

A  1  to  19.1  wooden  model  of  the  Polar  Star  was  built  by  the  David 
Taylor  Navy  Ship  Research  and  Development  Center  and  outfitted  with 
three  properly  scaled  stock  three-bladed  propellers,  three  1.5-hp  drive 
motors  and  shafting,  three  single-phase  motor  controllers,  three  mag¬ 
netic  RPM  pickups  and  a  frequency  to  voltage  converter  for  the  RPM 
pickups. 


The  model  was  shipped  to  CRREL  and  the  tests  were  conducted  from 
13  April  to  7  May  1979.  The  model  was  21  ft  long,  4.5  ft  wide  and 
2  ft  deep.  It  weighed  1200  lb  with  no  ballast  and  required  over 
2000  lb  of  lead  ballast  to  float  at  the  correct  draft. 

DESCRIPTION  OF  TESTS  AND  EQUIPMENT 

Tests  were  run  on  each  type  of  deflection  device  shown  in  Figures 
1-4,  and  on  the  bare  hull.  Each  device  was  evaluated  at  two  ice 
thicknesses  and  two  speeds.  The  bilge  keels  were  evaluated  at  two 
widths:  40  in.  at  full  scale  and  10  in.  at  full  scale. 

The  RPM  of  each  shaft  and  the  speed  of  the  model  were  recorded 
on  a  Gould  recorder,  a  Honeywell  high-sensitivity  recorder  and  on 
magnetic  tape  on  a  Hewlett-Packard  tape  deck.  The  speed  was  measured 
using  a  Kustom  Signal  HR-4  radar  system.  The  Doppler  radar  was  only 
capable  of  detecting  speeds  down  to  about  1  ft /sec. 

In  addition  to  the  RPM  and  vessel  speed  measurements,  high-speed 
movies  were  taken  from  directly  beneath  the  model  and  from  the  side  of 
the  model. 

The  model  was  free-running  and  controlled  with  an  umbilical  cord. 

A  saline  ice  sheet  of  specified  thickness  was  prepared  and  the  RPM 
of  the  propellers  was  preset  before  each  run.  The  model  then  proceeded 
down  the  tank  and  over  the  movie  cameras.  Each  run  used  one  half  of 
the  ice  sheet.  After  each  run,  the  RPM  was  reset  to  another  level 
and  the  camera  and  control  equipment  were  shifted  so  that  a  second 
run  could  be  undertaken. 

The  movies  and  oscillograph  records  were  immediately  turned  over 
to  the  Coast  Guard  for  their  use. 

TEST  RUNS 

In  all,  25  test  runs  were  conducted.  The  results  of  these  runs 
are  presented  in  this  report  in  the  form  of  the  RPM  recordings  for 
each  shaft  and  speed  recordings  for  each  run  (App.  A). 

Due  to  the  extreme  environment,  difficulties  with  the  sensors 
occurred  during  some  runs  and  data  signals  were  partially  or  totally 
lost.  Any  difficulties  encountered  during  a  run  are  explained  in  the 
preface  to  the  run. 

The  speed  records  may  appear  to  be  erratic;  however,  the  pitching 
and  rolling  motion  of  the  model  caused  erratic  signal  reflection  from 
the  reflector  installed  on  the  model. 


a.  Stern  view 


b.  Starboard  quarter  view 


Figure  2.  Bossing  fins. 


b.  Starboard  quarter  view 


Figure  3.  Large  bilge  keel 


b.  Starboard  quarter  view 


Figure  4.  Bird  cages. 
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RUN  0-1 


Run  0-1  was  conducted  on  13  April  1979.  In  actuality  it  was  a 
calibration  run  to  check  the  system's  performance.  No  movies  were 
taken  during  this  run.  The  ice  thickness  was  relatively  thin  at  0.5  in. 
model  scale  (ms)  or  9.55  in.  full  scale  (fs) .  Even  though  there  were 
no  deflector  devices,  there  were  relatively  few  impacts  with  the  pro¬ 
pellers,  as  can  be  seen  from  the  RPM  records.  Model  speed  was  3.4  ft/sec 
(8.8  knots  fs) . 

RUN  0-2 

Run  0-2  was  conducted  under  similar  conditions  as  0-1;  however, 
the  speed  was  reduced  to  0.9  ft/sec  (2.4  knots  fs) .  There  were  vir¬ 
tually  no  impacts  with  the  propeller. 

RUN  1-1 

There  were  no  deflection  devices  installed  in  this  run.  The  ice 
thickness  was  about  0.55  in.  (10  in.  fs)  and  the  model  speed  was 
3.2  ft/sec.  (8.2  knots  fs) .  One  can  detect  several  impacts  on  the 
port  shaft. 

RUN  1-2 

Conditions  were  similar  to  run  1-1  with  a  speed  of  1  ft/sec 
(2.5  knots  fs) .  Again  there  are  impacts  noted  on  the  port  propeller. 

RUN  2-1 

No  deflectors  were  installed  on  this  run;  however,  the  ice  thick¬ 
ness  (1.14  in.)  was  greater  than  that  from  run  1-1  and  the  model  speed 
(2.4  ft/sec)  was  slightly  faster  than  for  1-1  and  1-2.  Considerable 
impacts  with  all  three  propellers  can  be  detected.  The  port  shaft 
was  stopped  during  part  of  the  run  due  to  a  malfunction  of  the  motor 
controller. 

RUN  2-2 

Conditions  were  similar  to  run  2-1;  however,  the  model  speed  was 
much  slower  (1.14  ft/sec)  and  fewer  impacts  can  be  detected. 

RUN  3-1 

The  bossing  fins  were  installed  during  the  run  and  a  considerable 
number  of  impacts  can  be  noted.  The  radar  recorder  malfunctioned  during 
this  run;  however,  visual  observations  were  made  on  the  radar  unit 
itself.  The  average  speed  was  3  ft/sec  (7.7  knots  fs)  and  the  ice 
thickness  was  1.02  in.  (20.4  in.  fs) . 
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RUN  3-2 


This  run  was  almost  identical  to  3-1  with  the  radar  in  operation. 
RUN  4-1 

In  this  run  the  rotation  of  the  outboard  propellers  was  reversed; 
i.e.  the  port  propeller  turned  clockwise  and  the  starboard  propeller 
turned  counterclockwise  viewed  from  astern.  Considerable  impacts  can 
be  detected.  The  model  speed  was  4.6  ft/sec  and  the  ice  was  1.02  in. 
thick. 

RUN  4-2 

The  model  speed  in  the  run  was  reduced  to  2.3  ft/sec;  however, 
considerable  impacts  can  be  detected.  Ice  thickness  was  the  same  as 
in  run  4-1. 

RUN  5-1 

The  bird  cage  deflectors  were  installed  in  this  run.  Impacts  can 
be  detected  on  all  shafts;  however,  the  port  shaft's  erratic  behavior 
is  due  to  the  malfunction  of  the  motor  controller.  The  model  speed 
was  2.5  ft/sec  and  the  ice  was  2  in.  thick. 

RUN  5-2 

This  run  was  conducted  under  conditions  similar  to  those  of  run 
5-1  e*eet>v-  that  a  much  slower  model  speed  (1.7  ft/sec)  was  used. 

Again  the  port  controller  malfunctioned.  Most  impacts  were  encountered 
by  the  center  shaft.  The  radar  recorder  also  malfunctioned  in  this  run. 

RUN  6-1 

The  large  bilge  keels  were  in  place  for  these  tests.  Relatively 
few  impacts  can  be  detected  in  this  run.  The  model  speed  was  2  ft/sec 
and  the  ice  was  1.5  in.  thick. 

RUN  6-2 

The  same  conditions  existed  in  this  run  as  in  run  6-1;  however, 
the  model  speed  was  reduced  to  1.5  ft/sec.  Almost  no  impacts  can  be 
detected. 

RUN  7-1 

The  large  bilge  keels  were  installed  and  the  ice  thickness  was 
reduced  (compared  to  run  6)  to  1.3  in.  In  this  run  the  model  speed  was 
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2.73  ft/sec.  The  RPM  pickup  on  the  center  shaft  malfunctioned  at  the 
middle  of  the  first  run  and  no  signals  could  be  obtained  for  the  rest 
of  the  day.  The  port  shaft  RPM  controller  changed  the  RPM  of  the 
shaft  in  the  middle  of  the  run.  Relatively  few  impacts  could  be  detected. 

RUN  7-2 

The  same  condition  as  in  run  7-1  existed;  however,  the  model  speed 
was  much  lower  (1  ft/sec).  The  center  RPM  pickup  was  still  inoperative, 
and  relatively  few  impacts  were  experienced. 

RUN  8-1 

This  run  was  conducted  in  1.2  in.  of  ice  (2  ft  at  fs)  with  bird 
cages  at  1.36  ft/sec  (3.5  knots  at  fs) .  The  centerline  RPM  indicator 
malfunctioned. 

RUN  8-2 

This  run  was  conducted  at  a  faster  speed  (3.0  ft/sec)  than  run 
8-1.  The  centerline  RPM  indicator  was  functioning.  There  appeared  to 
be  fewer  impacts  during  the  run. 

RUN  9-1 

This  run  was  with  a  bare  hull  and  very  thick  ice,  i.e.  61.2  in. 
full  scale  (3.06  in.  ms),  and  a  considerable  number  of  impacts  occurred. 
Model  speed  was  3.6  ft/sec  (9.4  knots  f s) . 

RUN  9-2 

This  run  was  similar  to  run  9-1;  however,  the  model  speed  was 
reduced  to  1.6  ft/sec.  There  still  appeared  to  be  a  considerable  number 
of  impacts.  The  centerline  indicator  malfunctioned. 

RUN  10-1 

This  run  was  conducted  with  bossing  fins  in  place  at  a  model 
speed  of  1.8  ft/sec  (4.7  knots  fs)  and  an  ice  thickness  of  1.8  in. 

(37.2  in.  fs) .  Although  many  impacts  occurred,  there  were  not  as  many 
as  with  a  bare  hull. 

RUN  10-2 

This  run  was  similar  to  10-1  with  the  speed  of  the  model  reduced 
to  1.36  ft/sec.  The  fins  appear  to  have  had  very  little  effect  on 
impact  and,  in  fact,  increased  the  number  of  impacts  on  the  centerline 
propeller. 


RUN  11-1 


The  model  was  fitted  with  bilge  keels  (10  in.  fs).  They  appeared 
to  diminish  the  frequency  of  impacts;  however,  they  did  not  appear  to 
be  as  effective  as  the  larger  bilge  keels  (40  in.  f s) .  The  centerline 
RPM  pickup  malfunctioned.  The  model  speed  was  1.82  ft/sec  (4.7  knots 
fs)  and  the  ice  thickness  was  1.57  in.  (30.1  in.  f s) . 

RUN  11-2 

This  run  is  similar  to  run  11-1,  but  at  a  lower  model  speed 
(1.63  ft/sec).  The  centerline  RPM  indicator  was  in  operation. 

RUN  12-1 

This  run  was  a  demonstration  run  for  Coast  Guard  representatives. 

No  protection  devices  were  employed  and  a  significant  number  of  impacts 
could  be  observed  on  all  shafts.  The  model  speed  was^  1.63  ft/sec  (4.23 
knots  fs)  and  the  ice  thickness  was  2.28  in.  (43.6  in.  fs) . 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  tests  conducted  and  described  in  this  report  were  very  success¬ 
ful  and  indicated  the  feasibility  of  an  ice  deflecting  device  for  the 
Polar  Star.  From  initial  analysis  of  the  data  presented  in  this  report 
and  the  oscillograph  records  and  the  high-speed  photographs,  it  appears 
that  bilge  keels  are  the  most  successful  deflectors  and  that  bird 
cages  are  adequate  but  would  need  further  design  improvement.  The 
bossing  fins  did  not  appear  to  be  effective,  and  under  certain  circum¬ 
stances  evidenced  more  ice  impacts  than  the  bare  hull.  Table  1  is  a 
summary  of  the  estimated  impacts  for  each  run. 

It  is  recommended  that  the  project  be  pursued  further  by  evaluating 
the  candidate  devices  in  open  water  to  determine  their  effect  on  the 
open  water  resistance  of  the  vessel  with  the  devices  in  place.  The 
structural  feasibility  of  the  devices  should  also  be  investigated  to 
ensure  that  the  devices  could  withstand  the  stresses  imposed  by  the  ice 
sheet  as  it  impacted  on  the  deflector. 

In  order  to  avoid  the  malfunctions  experienced  in  the  series  of 
tests,  it  is  recommended  that  future  tests  be  conducted  after  the  self- 
propelled  towing  carriage  is  installed  at  CRREL.  The  carriage's  in¬ 
strumentation  cab  will  provide  a  protected  environment  for  the  motor 
controllers  and  some  of  the  other  instrumentation,  thereby  providing 
more  reliability  during  the  testing. 

Figures  5  and  6  show  a  comparison  of  a  test  with  and  without  a 
deflecter  device.  A  significant  difference  i”  .he  number  and  magnitude 
of  the  impacts  can  be  seen  between  the  model  with  and  without  the  small 
bilge  keels  under  such  ice  and  velocity  conditions. 
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Table  1 


Ice  deflector  data 


Full-scale 
ice  thick, 
(in.) 

RPM 

P 

Impacts 

£  s 

Total 

impacts 

Bare  hull 

1-1 

10 

200 

1-2 

400 

2-2 

23 

200 

0 

0 

1 

1 

2-1 

400 

15 

8 

45 

68 

9-1 

61 

550 

102 

121 

122 

345 

9-2 

600 

110 

- 

106 

£  +216 

Reverse 

4-2 

20 

400 

33 

17 

14 

64 

rotation 

4-1 

500 

27 

23 

16 

66 

Fins 

3-1 

20 

400 

39 

15 

40 

94 

3-2 

500 

59 

30 

57 

146 

10-1 

36 

500 

45 

35 

45 

125 

10-2 

550 

45 

33 

25 

103 

Bird  cage 

8-1 

24 

300 

13 

— 

2 

g  +  15 

8-2 

400 

28 

27 

10 

65 

5-1 

40 

500 

- 

20 

14 

P  +  34 

5-2 

400 

- 

22 

22 

P  +  44 

Large  bilge 

7-2 

27 

400 

12 

0 

_ 

S  +  12 

keel 

7-1 

500 

3 

8 

6 

17 

6-1 

36 

400 

4 

23 

15 

42 

6-2 

500 

0 

14 

18 

32 

Small 

11-1 

33 

400 

10 

3 

12 

25 

bilge  keel 

11-2 

500 

1 

5 

9 

15 

Summary 

Ice  thickness 

20-27  in.  33-40  in. 

Bare  hull 

68 

_ 

Reverse  rot. 

64/66 

- 

Fins 

94/146 

125/103 

Bird  cage 

65 

66/50 

Large  bilge  keel 

24/17 

42/32 

Small  bilge  keel 

- 

25/15 

11 


LI  KC  LM 


DATE 

_ i  1979  _ 

RUN  NO. 

_ U _ _ L _ 

CHAN  NO. 

1  Port  RPM 

ICE  TH. 

1.57  m(n )  30.1  _inj fj) 

SCALE  0«D. 

1  volt  -  400  RPM  _ 

SCALE  ABS. 

_ _T<w>  «n  Seconds 

SPEED 

'_8^Fps|ms)  4.7  fcts(fs) 

CONFIG. 

SwaM  8»?oe  Keel 

Figure  5.  Starboard  shaft  RPM  with  small  bilge  keels. 


T!  AVC  2  *Ai  1 


DATE  _ J229-. 

RUN  MO.  _ _ _ L- 

CHAN  MO.  _ J _  Port  RPM 

ICE  TH.  <3.6  in(fs) 

SCALE  WO.  J.yojt  *  400  RPM 

SCALE  A8S.  Time  in  Seconds 
SPEED  1.63  4,?3  kts( Ft ) 

CONFIG.  Barg  Hull 

Figure  6.  Starboard  shaft  RPM  without  protection  devices 


2 


_ «-  H-7» 

DATE 

4*13*79 

RUN  HO.  0-2 

RUN  NO. 

0  .  2 

CHAN  NO.  «  STM  RM 

CHAN  NO. 

”*  SpMd 

ICE  TH.  5  !»(«»)  >  55 

ICE  TH. 

.5  in\m)  9.55  tn(f») 

SCALE  OW.  1  Wit  •  400  «m 

SCALE  ONO. 

1  volt!  •  5fp»(«»>\.13ktt(fi) 

SCALE  ABS.  TtMa  1n  S«condi 

SCALE  ABS. 

Tlat  In  S«co«dt 

sum  •»  '»•<■•)  *.« 

SNEED 

•  >  rpsIaaV  I.«  fcts(ft) 

own*.  •,r» 

CONFU. 

tan  (W.'l 

\ 


\ 


14 


p 


RUN  NO.  1-1 

RUN  NO. 

1  -  1 

CHAN  NO.  1  Port  RPH 

CHAN  NO. 

- i _ Iot 

ICE  TH.  .55  1r>(m)  10.0  1n(fs) 

ICC  TH. 

.55  ln{ms)  10  ln(fs) 

SCALE  ORO.  1  volt  •  400  RPN 

SCALE  ORO. 

1  »Olt  •  000  RPH 

SCALE  ASS.  Tim  In  Seconds 

SCALE  ASS. 

Tim  In  Seconds 

SPEED  3  2  fps(m)  8.2  ktj(fs) 

SPEED 

3.2  Eps  ( hs )  8.2  kts(fs) 

CMFIG.  Boro  Hull 

CONFIG. 

Boro  Hull 

SCME  MO.  _L*£lL_r  SCALE  MO.  1  volt-5  fpi(«)-vl3  kti(Ei) 

SCALE  ASS.  Tln»  In  Socomlt  SCALE  ASS.  Tint  tn  Soconjs 

SPEED  3.2  fp»(w)  8.2  tt»(f»)  speed  3.Z  fps(m»)  8.2  ktllEt) 

CMPI8.  S«-«  "p”  CONFIG.  Boro  Hull 
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Kill 

TI  A VC  1 


AY,  i. ; 

expmc 


XifcB 

TI  AW  2 


Y.MH*  AY,  4 

Mi  1 


DATE 
RUN  NO. 
CHAN  NO. 
ICE  TH. 
SCALE  ORD. 
SCALE  ABS. 
SPEED 
CONFIG. 


1 


1  Port  RPH 

1.14  In  22.9  in(fs) 
1  volt  •  400  RPH 


DATE  _ 

RUN  NO.  _ 2 

CHAN  NO. _ 2 

ICE  TH. 


*1  RPH 


Time  in  Seconds 


2.4  fps (ms )  6.1  kt$(fS ) 
Bare  Hull 


1.14  1n(ws)  22.9  1n(fs ) 
SCALE  ORO.  1  vol  t  »  400  RPH 
SCALE  ABS.  Time  In  Seconds 
SPEED  2.4  fps(ws)  6.1  kts(fs) 

CONFIG.  Bare  Hull _ 


Xi&fl 

TI  A VC  2 


AY,  6 
EXPMC 


X»£L  0 
TI  AVC  2 


AY,  1.  i 
EXPAND 


RUN  NO. 
CHAN  NO 

ICE  TH. 


STBORPH 


1.14  fn(ws )  22.9  fn{fs ) 
SCALE  ORD.  1  volt  *  400  RPH 
SCALE  ABS.  Time  In  Seconds 
SPEED  2.4  fps (ins)  6.1  kts(fs) 
CONFIG.  Hull 


RUN  NO.  2 _ 1 

CHAN  NO.  5  Speed 

ICE  TH.  1.14  fn(tns)  22.9  fn(fs) 

SCALE  ORO.  1  volt  ■  5  fps  (ms  H  3  kts(fs) 
SCALE  ABS.  Time  In  Seconds 
SPEED  2.4  fps(ms)  6.1  kts(fs) 

CONFIG.  _ Bare  Hull 
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f 


ICE  TH.  1.14  Intros  1  22.9  InC.fs) 
SCALE  ORO.  I  volt  ■  400  R PH 
SCALE  A8S.  Time  In  Seconds 
SPEED  1.14  fps(ms)  2.9  kts(fs) 


ICE  TH.  1.14  1n(ms)  22.9  1n{fs) 

SCALE  ORD.  1  volt  »  400  RPH 
SCALE  ABS.  Time  In  Seconds 
SPEED  1.14  fps(ms)  2.9  kts(fs) 


Ti  400.  30  m 


dYi  488.  06  m  X*8L8 
EXPAND  TI  A VC  2 


Y.400.00  - 
M  1 


AY,  900.  00-  Xt  0. 0 
EXPAND  71  A VC  2 


V.  400. 00  •  AYi  0 

#A»  i  EXP  AIO 


DATE 

4-20-79 

DATE 

4-20-79 

RUN  NO. 

_ 4 _ 

l  ,  . 

RUN  NO. 

4  2 

CHAN  NO. 

2 

Port  RPM 

CHAN  NO. 

2  l  #PM 

ICE  TH. 

1 .02  in(ms) 

20.4  in(fs) 

ICE  TH. 

1.02  1n(ms)  20.4  1n(fs) 

SCALE  ORD. 

1  volt  * 

400  RPM 

SCALE  ORD. 

1  volt  «  400  RPM 

SCALE  AB5. 

Time  In 

Seconds 

SCALE  A8S. 

Time  In  Seconds 

SPEED 

2.3  fps(ms) 

5.9  kts{fs) 

SPEED 

2.3  fps(ms)  5.9  kts(fs) 

CONFIG. 

Reverse 

Rotation 

CONFIG. 

Reverse  Rotation 

XiLB 

AX.5B.BB8 

II  AVG  i 

AY.  1.6080 

X.8.0 

C 

TI  AVG  2 

DATE 

4-23-79 

DATE 

4-23-79 

RUN  NO. 

5  1 

RUN  NO. 

5  1 

CHAN  NO. 

1  Port  RPM 

CHAN  NO. 

2  4.  RPM 

ICE  TH. 

2  1n{ms)  40  1n(fs) 

ICE  TH. 

2  1n(ms)  40  1n(fs) 

SCALE  ORD. 

1  volt  '  400  RPM 

SCALE  ORD. 

1  volt  -  400  RPM 

SCALE  ABS. 

Tine  In  Seconds 

SCALE  ABS. 

Tine  In  Seconds 

SPEED 

2.5  fps(ms)  6.5  kts(fs) 

SPEED 

2.5  fps(ms)  6.5  kts(fs) 

CONFIG. 

Bird  Cages 

CONFIG. 

Bird  Cages 

iX.  50.  880 

Y.B.8 

AY.  1. 6000 

X.8.0 

AX.  SB.  080 

Y.0.0 

OATE  4-23-79 

DATE 

4-23-79 

RUN  NO.  5  1 

RUN  NO. 

5  1 

CHAN  NO.  4  STBO  RPM 

CHAN  NO. 

5  Speed 

ICE  TH.  2  fn(re)  40  ln(fs) 

ICE  TH. 

2  In  (ns)  40  In  (fs) 

SCALE  ORD.  1  volt  -  400  RPM 

SCALE  ORD. 

1  volt  •  5  fos(«sW12 

SCALE  ABS.  Time  In  Seconds 

SCALE  ABS. 

Tine  In  Seconds 

SPEED  2.5  fos(ms)  6.5  kts(fs) 

SPEED 

2.5  fps(ns)  6.5  kts(fs) 

CONFIG.  Bird  Cages 

CONFIG. 

Bird  Cages 

DATE 

4-23-79 

DATE 

4-23-79 

RUN  NO. 

5  2 

RUN  NO. 

5  2 

CHAN  NO. 

1  Port  RPM 

CHAN  NO. 

t  t  urn 

iCE  TH. 

2  1n(ms)  40  1n(fs) 

ICE  TH. 

2  1n(ms)  40  1n(fs) 

SCALE  ORD. 

l  volt  -  400  RPM 

SCALE  ORD. 

1  volt  -  400  RPM 

SCALE  ABS. 

Time  In  Seconds 

SCALE  ABS. 

Time  In  Seconds 

SPEED 

1.7  fps(ms)  4.5  kts(fs) 

SPEED 

1.7  fps(ms)  4.5  kts(fs) 

CONFIG. 

81 rd  Cages 

CONFIG. 

Bird  Cages 

X.B.0 

I  AVG  Z 

AX.  150.00 

Y,  800.00  a  AYi  800.00  - 

#A»  I  EXPAND 

Xi  0.0 

T2  AV5  2 

AX.  58.000 

Yifl.0 

RAi  I 

RUN  NO. 

CHAN  NO. 

b  z 

4  STBO  RPM 

CHAN  NO. 

i  sum 

ICE  TH. 

2  1n{ms)  40  1n(fs) 

ICE  TH. 

Z  1n(«)  40  tn(f>) 

SCALE  ORD. 

1  volt  ■  400  RPM 

SCALE  ORD. 

1  vo)t  ■  5  kttlfj) 

SCALE  ABS. 

Time  In  Seconds 

SCALE  ABS. 

Time  In  Seconds 

SPEEO 

1.7  fps(ms)  4.5  kts(fs) 

SPEED 

1.7  fps(ro)  4.5  kuffj) 

CONFIG. 


MT£ 

4-25-79 

CATE 

4-25-79 

RUN  NO. 

fi  1 

RUN  NO. 

6  1 

CHAN  NO. 

1  Port  RPM 

CHAN  NO. 

2  1  RPH 

ICE  TH. 

1.5  1n(m$)  36  1n(fs) 

ICE  TH. 

1.0  1n(ms)  36  1n(fs) 

SCALE  ORD. 

1  volt  -  400  RPM 

SCALE  ORD. 

1  volt  -  400  RPM 

SCALE  ABS. 

Time  In  Seconds 

SCALE  ABS. 

Time  In  Seconds 

SPEEO 

2.0  fps(ms)  5  kts(fs) 

SPEED 

2  fps{ns)  5  kts(fs) 

CONFIG. 

Larqe  Blloe  Keels 

CONFIG. 

Large  Bilge  Keels 

DATE 

4-25-79 

«TE 

4-25-79 

RUN  NO. 

6  1 

RUN  NO. 

6  1 

CHAN  NO. 

4  STBD  RPH 

CHAN  NO. 

5  Soeed 

ICE  TH. 

1.8  In(ms)  36  1n(fs) 

ICE  TH. 

1.8  1n(*s)  36  fn(fs) 

SCALE  ORD. 

1  volt  •  400  RPH 

SCALE  ORO. 

1  volt  •  5  fps(mshl3  kts(fs) 

SCALE  MS. 

Time  In  Seconds 

SCALE  MS. 

Time  In  Seconds 

SPEED  2  >pt(iw)  5  SPEED  2  fW(«)  5  fcts(»t) 

CONFIG.  lirgt  illy  te€lf  CONflG.  Lirpt  B1 Ige  mil 
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>  *8*  0 
TI  A VC  1 


iY.S 

EXPAND 


DATE 
RUN  NO. 
CHAN  NO. 
ICE  TH. 
SCALE  ORD. 
SCALE  ASS. 
SPEED 
CONFIG. 


1.8  In(tns)  36  1n(fs) 
1  volt  *  400  RPM 


Time  in  Seconds 


1.5  fps(ms )  3.85  kts(fs ) 
large  Bilge  Keels 


DATE 
RUN  NO. 
CHAN  NO. 
ICE  TH. 
SCALE  ORD. 
SCALE  ASS. 
SPEEO 
CONFIG. 


_ 2 _ t  am. 

1.8  1n(ws)  36  In  (f$) 

1  volt  ■  *00  RP* 
Tine  <n  Seconds 
1 .6  fps(wt )  3.85  fcts(fs ) 
Large  Bilge  Keels 


4-2S-79 


RUN  NO. 

_ i _ z 

RUN  NO.  § 

2 

CHIN  NO. 

4  S78D  4PM 

CHAN  NO.  S 

Speed 

ICE  TH. 

’.8  lulu)  m 

ICE  TH.  1.6  In(es) 

38  In(fl) 

SCALE  ORD. 

1  volt  *  400  RPM 

SCALE  ORO.  1  volt 

■  5  fps(«s)M3  1 

SCALE  ASS. 

T1*e  in  Seconds 

SCALE  ASS.  Tf«e 

In  Seconds 

SPEED 

1.8  fpi(m)  3.8!  ktj(fl) 

SPEED  1.S  fR(tn)  3.86  ktilfsl 

CONFIG. 

L«nt  811m  mil 

CONFIG.  Large  Bilge  Keels 

26 


WTE  _ 4-26-73 

RUN  NO.  7 _ 1 

CHAN  NO.  A  STBD  BPH 

ICC  TH.  1 .3  1n(nn)  27  In  (fs) 

SCALE  ORO.  1  volt  »  AOO  RPH 
SCALE  ASS.  Ting  In  Seconds 

SPEED  2,73  fPs(iM)  7.2  kts(fs) 
CONFIG.  Large  Bilge  Keels 


_ 4-26-73 

RUN  NO.  _ 7 _ 1 

CHAN  NO.  _ J _ Speed 

ICE  TN.  1 .3  1n(i)  27  1n(fs) 

SCALE  ORD.  1  volt  «  5  fps(wsKl3  kts(fs) 
SCALE  ABS.  Tim  In  Seconds 
SPEED  2.73  fps(ws)  7.2  kts(fs) 

CONFIG.  Large  Bilge  Keels 


27 


OATE 

KC 

27  April  1979 

in.m 

as 

DATE 

m 

27  April  1979 

RUN  NO. 

8  1 

RUN  NO. 

_ l. _ i _ 

CHAN  NO. 

1  Port  RPH 

CHAN  NO. 

*  1  RPH _ 

ICE  TM. 

1.2  1n(ns)  24  in(fs) 

ICE  TH. 

L2  Jofmsl  24  Inlfs) 

SCALE  ORD. 

1  volt  »  400  RPM 

SCALE  ORD. 

1  volt  «  400  RPM 

SCALE  ASS. 

Time  in  seconds 

SCALE  ASS. 

Time  in  seconds 

SPEED 

1.36  fps(ms)3.5  kts(fs) 

SPEED 

.36  fps(ms)  3.5  kts(fs) 

CONFIG. 

Bird  Cage 

CONFIG. 

Bird  Cage 

OATE  27  April  1979 

RW  NO.  a _ i 

CHAN  NO.  4  STBO  RPH 

ICE  TH.  1.2  in(ms)  24  1n(fs) 

SCALE  ORD.  1  volt  *  400  RPH 
SCALE  ASS.  Time  in  Seconds 
SPEED  1.36  fps(ms)  3.5  fcts(fs) 

CONFIG.  Bird  Ci« 


IX*  128.  M  YiBLS  AY,  1 

«•  1  EXPAND 


OATE  27  April  1979 

RUN  NO.  6 _ 1 

CHAN  NO.  5  Speed 

ICE  TH.  1.2  in(m)  24  In(fs) 

SCALE  ORO.  _1  vol t  ■  S  fps(msK13  kts(fs) 
SCALE  ASS.  Time  in  Second* 

SPEED  1.36  fPj(ro)  3.5  kt»(fs ) 

CONFIG.  Bird  Ceoe 


29 


30 


>40.8 

TI  AVG  1 


M  1 


AY.  1.  IQ 

EXPAND 


X4O.0 
Tt  A VC  2 


AY.  1. - 

EXPAND 


DATE  30  April  19 79 _ 

RUN  NO.  9  2 

CHAN  NO.  1  Port  RPH 

ICE  TM.  3.06  1n(re)  61.2  1n(f>) 

SCALE  0R0.  1  volt  -  <00  RP* 

SCALE  ABS  Tit  In  StcondS 

SPEED  1.6  fwltl 

CONFIG.  Bart  Hull  _ _ 


RUN  NO.  9  2 

CHAN  NO.  2  6.  RPM 

ICE  TH.  3.06  1n(t)  61.2  1n(fs) 

SCALE  ORD.  1  volt  *  <00  RP* 
SCALE  ABS.  Tit  1w  Stconds 
SPEED  1.6  fps(ws)  4.2  kts(fs) 

CONFIG.  BAjvHun_ 


DATE  __  30  April  >979 

RUN  NO  _ 9  _ ? 

CHAN  NO.  _J _  STBD  RPN 

ICE  TH.  3f06  ln{t)  61.2. Jjj(fs) 

SCALE  ONO  1  volt  *  <00  AP* 
SCALE  IBS  _Tlt  in  Sacowd* 
SPEED  1 J  fpt^t )  <  2  fctt(  fs ) 

CONFIG  Biff  Hull 


DATE 

30  Aorll  1979 

RUN  NO. 

9  2 

CHAN  NO. 

5  Sptd 

ICE  TH. 

3.06  1«(tl  612  »«('*> 

SCALE  ONO. 

1  volt  -  5  fp»l<»K13  H' 

SCALE  A0S. 

Tit  in  SAconth 

SPIED 

l  .6  fp*(t)  <.2  *t$<H} 

CONFIG. 

Bar*  Hull 

32 


t 


ViBt&ffi.  4y.Stt.M- 

Ml  1  CMC  n  *** 


ICE  TH.  1.8  In f ims >  37.8  ln(fs) 


?  1  RPM 

1.8  Intas)  37.3  ln(fsl 


SCALE  ORO.  1  volt 


SCALE  ORO.  1  volt  ■  400  RPM 


Time  In  Seconds 


Time  in  Seconds 


1 .8  fps(nts )  4,7  kts(fs ) 


SPEED  1.8  fos(ms)  4.7  ktsffsl 


888.BG  • 

Wk  1 


•i'r.  90S.  X  m  x.  a.  0 
D  U  AW  1 


_ UtoL JS79 _ 


1.8  1n(iw)  37 .2  in(fs) 


Tit  in  Seconds 


LA  4.7  itlifj ) 


ICE  ™-  LB  lnlw)  iLZ_Mfsl 
SCALE  ORD.  1  volt  ■  5  fp>(w)M3  kts(fs) 
SCALE  A8S.  Time  In  Seconds 
SPff0  l.B  fps(tws)  #4?  kts(fs) 


I 


DATE  2  Mav  1979 _ 

RUN  NO.  IQ  2 

CHAN  NO.  1  Port  RPM 

ICE  TH.  1.8  ln(ms)  37.2  in(fs) 

SCALE  ORD.  1  volt  »  4QO  RPM 

SCALE  ABS.  Time  in  Seconds 
SPEED  1.36  fps(re)  3.S  kts(fs) 

CONFIG.  Fins 


QATE  2  Hay  1979 

RUN  NO.  ip _ 2 

CMAN  NO.  .  2  <L  ftPH 

ICE  TH-  ]-8  37.2  1n(fsl 

SCALE  ORD.  1  volt  -  400  RPH 


SCALE  ABS.  - Tine  In  Seconds 

SPEED  iUtJflUmsXiiJiULfs) 
CONFIG.  Fins 


ICE  TH.  1.8  Inins)  37.2  in(fs) 

SCALE  ORO.  1  volt  ■  400  RPM 
SCALE  ABS.  Time  In  Seconds 
SPEED  1.36  fps(ms)  3.5  fcts(fs) 

C0NFI6.  _ Fins _ 


ICE  TH. 
SCALE  ORD. 
SCALE  ABS. 
SPEED 
CONFIG. 


1 .8  1n(ms)  37.2  1n(fs) 

1  volt  »  S  fps(ms)V!3  kts(fs) 
Time  In  Seconds 
1 .36  fps(ms )  3.5  kts(fs ) 

Fins 
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>4  0.0 

TI  A VC  1 


AYi  500.  08  , 
EXPAND 


Xi  0.  0 
TI  AVC  2 


DATE 

DATE 

4  May  1979 

4  May  1979 

RUN  NO. 

RUN  NO. 

11  1 

11  1 

CHAN  NO. 

CHAN  NO. 

2  RPH 

1  Port  RPM 

ICE  TH. 

1.57  In (ms)  30.1  1n(fs) 

ICE  TH. 

1.57  in(ms)  30.1  in(fs) 

SCALE  ORP. 

SCALE  ORD. 

1  volt  =■  400  RPM 

1  volt  *  400  RPM 

SCALE  ABS. 

Time  In  Seconds 

SCALE  ABS. 

Time  In  Seconds 

1.82  fps(ms)  4.7  kts(fs 

Small  Bilqe  Keel 

SPEED 

1.82  fps(ms)  4.7  kts(fs) 

SPEED 

CONFIG. 

CONFIG. 

Small  Bilge  Keel 

AY.  700.  0 
EXPAN) 


DATE  *  May  1979 


P'  'i  NO. 

11  1 

CnAN  NO. 

4  STBD  RPM 

ICE  TH. 

1.57  in(ms )  30.1  1n(fs ) 

SCALE  ORO. 

1  volt  -  400  RPM 

SCALE  A8S. 

Time  in  Seconds 

SPEED 

1.82  in(ws)  4.7  ktjlfs 

CONFIG. 

Small  Bilge  Keel 

DATE 

4  May  1979 

RUN  NO. 

11  1 

CHAN  NO. 

5  Speed 

ICE  TH. 

1 .57  in(ms)  30.1  in(fs) 

SCALE  ORD. 

1  volt  ■  5  fps(ms)VI 3  kts(fs) 

SCALE  ABS. 

Time  in  Seconds 

SPEED 

UZ-fc&iflKl _ 4.7.ktt(Fs) 

CONFIG. 

..  ;wn 

35 


DATE  7  Max  I979 

RUN  NO.  12  1 

CHAN  NO.  1  Port  RPH 


ICE  TH.  2.28  in(ms)  43.6  1n(fs) 

SCALE  ORD.  1  volt  -  400  RPH 
SCALE  A8S.  Time  in  Seconds 
SPEED  1,63  fps(ms)  4.23  kts(fs) 

CONFIG.  Bare  Hull 


DATE 

RUN  NO.  _ 12. 

CHAN  NO.  _ 2. 


7  Hay  1979 


ICE  TH.  2.28  in(ms)  43.6  in(fs) 

SCALE  ORD.  1  volt  =  400  RPH 
SCALE  ABS.  Time  In  Seconds 
SPEED  1.63  fps(ms)  4.25  kts(fs) 

CONFIG.  _  Bare  Hull _ 


X.SL0 

TI  A VC  1 


Y|  flea.  00  .  AY,  800.  00  ■  ** 


M*  1  EXPAM) 


RUN  NO. 
CHAN  NO. 
ICE  TH. 
SCALE  ORD. 
SCALE  ABS. 
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